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TEE EFmii OF CHANGING THE R&O~ OF EXHAUE?J2-VALVEFL~, CAPACIiY “‘,,. . .,. 1.

TO INIEl!-VALVEFIA3WCAPAC~ iN VOL@RIC mIcmCY. w
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OUTPUl!OF A StiGL@-CYL~DER. ENGINE,“,.,..
By James V. D. Eppes, Jambs.C. ,Myengood, “
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A series of tests has been made with @ si@e-cy2inder engine in
order to detezzninethe effect on volumetric efficieqcy end on engine
performance of changing the ratio of exhaust-valve”fbw capacity to
inlet-valve flow capacity when operating with exhaust pressure equal to’~
inlet pressure. It was found that, within the range of speeds used,
the engine gave best performance with values @ the ratio of exhaust-
valve flow capacity to itie+valve f~ow capacity approximately qua> to.
unity. This value corresponds to inlet and e+hauqt valves of approx-
imately equal dMmeter and Zift. It was eMo found that conventional

. valve timing gave better perfo-ce than any of the other tire@ ar-
rangements tried, except at speeds higher than those used, where it
appeared from the trend of the curves that delaying the inlet-valve
closing would increase volumetric efficiency and &an effective pres-
mzres. .

INTRODUCTION

One of the factors which limit the output o~ a fo~stroke engine
is the restridtiorito flow presented by the inlet anilexhaust systems.
The greater part of this restriction to flow usually is found in the
valves and ports. Altho~h other parts of,the f’lowpe.esagesmay also
restrio$ the flow, these passage”ecan ususXLy be made larger to elimi-
nate the restrictions. Increases in valve sizes, however, are limited.
because there is only a limited emount of apace available for valves

. in the combustion chamber of a given engine and an increase in the
diameter of the %tiet valve cm be made oply at the e~ense Qf exhaust-
valve size, or vice versa. Fi~e 1 iUu@u’atee this problem for the

●

case of a typioal aircr6@t-engine cylinder.
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Analytical solution for the betitcomprcke between inlet- and
.

exhaust-valve size is extremely difficult. The best approach apysars
to be tbrmigh experiment. An em?qriment@ procedure which was consld”-
ered.was to test various cylinders, etichhaving-a &iffeYent ratioof
inlet- to exhaust-vUve’.dl&@eterbut being geometrically the game In
all other respects. Such a ~rocedure”waa re~ected as both expensive
and time o.oneumin$..Expeq’AWnts ti.which-t$e effects of changes in
inlet- and exhaust-valve diameters are si@u3atedby changes in inlet-
and exhaust-valve lifts offered a quic~r and less expensive means of
investigati~ the p~oblemj apd.this,method wa~ used in the present
research.

A method of simulating changqq in valve diameter by cha@ng valve
lift is suggested by the applicatio~ of the orifice equation for ‘anin-
compressible fluid to the flow through a poppet valve (see reference 1]:

. ,.,.
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M
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the valve flow,coeffic~en~;’averaged over the valve opening period

~reesure drcp aoross the valve

It is evident &cm the foregoing e~ression that the average flow
coefficient will vary as the valve lift is changed. In this investi-
gation changea in the product l%Cav were accomplishedby changing
valve lift},and it wa~ assumed that the result> as far ,as,,floww~e oon-
cerned} would be the ah as if the “samevalues of DzCav had.been. . .,,
obtained by changing the ‘va”lvedi&me”ter D. Th%s ~ssumption is j&ti-
fied by the .experimenterepc~ted in referen~a”l~ which shuwed that
when an engi~e,was oper~ted tiitbvariotiscombinations of inlet-valye
diameter and lift> the volumetric efficiency-couldbe expressed.as a
function of the follo@ng’ p&h3me$er:,. ,-.,

.“
“P$.AOII bpeedx (piston di~t~r)2

....,
-...

Veloo$ty of 8~ti x &Cav ftirthe i?d.etvalve
in inlet air

.

.
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In the work of reference 1, the exhaust valve waa large compared with
the inlet valve, and th&efo&e the chief restriction to flow was proba-
bly the inlet valve itself. Shobtinlet”and exhaust pipes we% used,”
ae in the present tests, to prevent dynamic disturbances. Reference 1
showed that, as far a.sthe.inlet valve .isconcerned, it,is i-terial
to engine performance WhetHer a“”gfvenchange in the product lPCav is

producedby a change in valve disneter or by a change in average flow
coefficient.

The average flow coefficient ,Cav (see reference 1) is obtained

by making steady-flow tests through the valve and port at various lifts,
at a pressure difference of 10 inches of water. These results are
translated into a curve of flow c~ef’ftcientagainst crank anfjleby means
of the curve of’valve lift agatnet ox wle. 7he average flow coef-
ficient is”the average dtidinateof the latter curve. The prodvct @Cav

is hereafter termed the “flow capaoity of the valve.”
.

Engine tests with vaTy@g valve dianwterand lift, comparable tith
those describes for the inlet valve, have.not been carried out for the
exhaust valve. Ii may be assumed, however, that the flow through’the
exhaust valve will also depend ~ D%!av if’;theflow coefficients are
determined under the conditions of flow.exi@fng d~ing the e~ust -
process.

The exhaust valve operates in both the sonic and the subsonicflow
regions, Hu (reference 2) showed that for sonic flow in the exhaust ‘
valve the flow coefficients wqr~ essentially constant for cylinder pres-
sures rm”ging from 28 to &l poun@ per squareinch ab~olute when”the
baok pressure was 14.7 pounds per square Inch absolute. Later work
(“investigationof Ex@ust Valve Design Using Steady Flow,” by @bid J.
Weiss and Yet Lin Yee, M.I.T. Thesis, B.S. degree, 1943) showed that
the flow coefficients ob+miged by subsonic, steady-f~cw tests were in
close agreement with the flow coefficients determined by Hu under sonic-
flow conditions. It is concluded, therefore, that exhaust-valve flow
coefficients are substagtial,lyindependentof pressure and flow condi-
tions and that coefficients determined by subsonic, steady-flow tests
at low pressure difference can be ap@ied to the exhaust yrocess. Thus,
it seeme reasonable @ assume that the “flow capacity” may be usedfor
the exhaust valve in the same manner as for the inlet valve in simla%”
ing the effeot of changing valve dismeterby me- of the valve lift.. .

‘TheInyestigatiorih~rein described was conduct& to dqte?mlne the
best compromise between inlet- and exhaust-valve size for maxihum air ‘“
flow and power output. The ob~ects of the investigation were (1) to
determine the effect on at~ tlow and power output of simultaneously
changing the tlow oapa~ity OS the inlet an~ exhaust valves OS an
aircraft-engine cylinder and (2).to determine the ef$e~t of clwmghg

.
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inlet-
engine

and exhauet-valve timing’on the dr flow and.power output of an
operated”with’sever~ cdmbinati.onsof i~et--~d exhaust-valve

flow capactt~es. ~~‘~~ ‘ ‘“ “ -r,,-.

The tests were made at tlieSloan Labor&tor$es of the Massachusetts
Institute of”Technology under the sponsorship and with the financial
assistance of the National Advlsory Ccmmittee for Aeronautics. ,

lXSCIKH?l?IONOF APPARATUS

The engine used consisted of a tygical &irOraft cyllnder”of ~-

inch bore mountedon a special singl~ylinder crankcase ”(flg.2). The -
stroke was 5.5 inches,.and %He conrpre&s&n ratio was 5.5. As shown in
figure 1, both valves had-an outside diameter of 2.218inches. Special
rocker arms were constructed which provirlada meanf’of changing the
lifts of the inlet and exhqust va.lvee{fig. 3). A syeclal&mshsft was
used which has two convenient features: (1) the iriletand exhaust cams
are separate smd my be”olamped in any poaitjon ‘torthe purpose of vary-
ing valve ttming (see.figs. 3 and 4)J (2),the cams are easily removed
and replaced with cams of different profile. Aschematic diagram of the
engine setupis shown in figure ~.

. Air was supplied to the engine from a compressed--eirline and was
passed thrwgh an ’orificemet@r and a stige.tank into a steaa=jaoketed
vapotylzingtank, where the fuelwas introduced. The resulting dry fuel-
air mixture was then passed thiwug”ha large, short inlet pipe to the
inlet port of the cylinder. Tbe exhaust-gaseswere passed through a
short pipe and a large surge tank Into the laboratory exhaust system. ‘
The reason for using short.inlet andexhaiwt pipes was to avoid effects
due to inertia of the gases.

The cylinder cooling a,irwas supplied by a large centrifugal fan,
and special cylinder baffles were used. The coolingair pressure was
regulated by a valve at the.fan inlet,
,.

Lubricating oil was su~lted. u@er pressure to the engine by means
of a 8e~arately driven Sear punqj; Oil wae coll~c~~d in the engine sun!p
and returned to the supply tank by a separately driven ge~”pump. Lu-
brication was provided for the up~er ba~ ends of the push rods by means
of drip cups so looated ,th@ the ~oo2i~3r bzast oarr~ed the ,oildrops
onto the push-rod e@@.
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Load was provided by an electric dynamometer. Torque was measured
by r@ans of a @nometer connectsd %0 a h@raullcX.y- bd.~ced p~s~tin ‘ “~~
attached to the dynamometer arm.“.Spe6& waa detetizied by a m~c~~l “’ “ p
tachometer in conjunction wi%h a si@obotac‘operatingfrom.a 60-cycle . ‘~-i
alternating-qirredline -d :Xlhuhin&tingstripes ya~nted.on}the “’~ly-
wheel. ,., . .,’ ,, >.. ,,

. ..’: -. ”.-,.. .. . .....,. ,“.-
.’ .. .. .. ,.+. . ..

..:
,!.:..- “.: ..-.,. .

Air’floy wq.smea~~ed. by’~asharp-edge orifice inst&.e& in a 3~fnch “ ~‘ .
pipe line in accordance with the speci~ications of reference 3. Fuel
flow was measured by.a cali?jrate~ro~ameter. . . ‘.

.,. .
,, .,.. . . .. ..... . ...-. ..

~~rk ad~an& was ~as~ed. with a .nea ~&k, ~evo~vi~’ ~ith ~~e”’,.~ . :
crs,nkehtit,@jacent to q atati%oparyPr?ti??aC$Qr.... ,‘ : .. ...!......!

>.’, ,: ., ... .
. . ..

Standard &bbra%ory, Squip’ment‘w~s<~ed to.~;as~.e~.Ge+eptq+p .-.~.~,;..”.”.- ..‘i
and pressures. ,, .“. .. ... . -,. . .-.

,.. . ,’, ,, ”,” . . . . . .

VeJ.veTiming ,,.4 -... . . . ,“ . .,.. . .,
Valve timing was measmed’ dtiing actual running by’&anq of elpc- . ..

,.

trical strain gag% cemented to~the”push ,roti”~d coqnected t~qh ~.~“‘.;
flexlble leads’to a ~C-volt’battery and ballast resistor, The variation 0.
in’electrical“resistanceof the strain.g&ge cau&@ by ch%ges in strain .,.
in the Push rod caused a veziation.in v~ltkge drop across the strain
gage. Tliisvariation’was snrplified by,the &axis amplifier Of a ~o~~ : “ ,:.
type 208 oscill.o~aph.‘The resul%ixig,patternwhich appeared on the
oscillogri~h screen‘was a strqiWtim6 picturq of the push~rod ope~ting “ -
cycle which s~owed @ clearly,defined.beginning &d en!. An.electri,cal
timing im@se was pror+ded by a.breaker 6perating at.ciankshaft:ppee~’
and this impulse was superl~oeed on the push-rod strain pattern. By
rotating the ~reakerj this’ii.np&e trace could be alined with-the be@&
ning or end.o~ tke push+o~ ‘strain.pettern,an@ %y using this iq@.se to
flash the neon spark-timing lightj the crti angle correspondi~,to the .
beginning or end of the valve motion could be measured.

By means of the timing app~ratus j.uatde~cri~d~ operating valve
olearance was held at 0.045 inch at the’cdm dur$hg al~ tes$s. For puz+
poses of computing the average flow coefficient, the valve-lift curve
was based on .~hecam li%t,ab.o~qthe -c@WWC.elinez aq sh~Vl x t+~.e
6. The opeti”~”&~ &losing -@@leE.Med to iden~ify ?~lve,tti~ were,
taken at the ititersectic)nof the constant-velocity ‘!ramps”and the cam-’
acceleration curves; in’accordance with usual ”pr~ctice. (See fig,6.)

..’” . .

..

,,.

.-

. . .

.“

.’.
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VALVE Imow CAX’ACITIES

.,,, ., .,

ZI detetining the combinations of inlet-and exhaust-valve lifts.
to be tested, it was de&l.dedto simulate, as famasposeible, the d+. ~
elgn Yestrlctibns imposed by the engine c“ylinder. 12igurel(a) ie a“ .
crose’sectionof this cyllnder, while figurel(b) shows the head angles
actually occupied by the outside diameters of the inlet and the exhaust
valve, and the angles correspqti~ to the spaces between the valves
themselves and between the’.valvesand the top of thecylinder”barrel.

,. .,..—.. . . ,:“.”.. ,.
With reference t~’figux%rl(b)j it was assumed that ang%s”’”eel}”Ozt

and 13~ would be held constant for structural reasons. The two valves
occupied”a tdtal an@ (@a + es) L of 949F .Irivaryinginlet-and

exhaust--~alvediameters, thi~ 94°’anglethecmeticall,ycould be distrib~
uted between the two valves in ~ proportion. The resulting theoreti-.,
cd. di&ters over”~ reasonable range ”areshown in figure 7.

The average flqw coeffi.cieqtpof the inlet and e~a~t valve~ were
det&in~d from the reeu~ti of the stea~-flow tests ”(fig..8)’andthe
valve-lift and &nk-angle relationshi-~s,The ~sultl~ CUrV& Of
average flow coefficient are shown in figure 9,

Inlet- end exhaust-valveflow-capacity relationships are shown in
t’l~e 10. The space wit,hinthe dotted rec@ngl~. of figure 10 repre-
sentp..the flow “capacitie~that could be obta$ned wj.th$he apparatus.
The curveA-3 ~epresents the variaticm.in flow capa@ties that wotid
@.ve been obtained if the valve diameters had been changed in accordance
with the values shown in figure 7,”maintaining a maximum (valve lift/
valve diameter) ratio of 0.2&j for each valve. Bemuse tt was 3mpracti’-
cable to run the engine with li’ftshigher than 2/2 hch, +t w~ not
ppssible.to operate alo~g curve A-B, The curve C=))was therefore chosen
as a baete because.it allowed a wide mnge of’.i.nld-t~ust va~ve
flow capacities without exce6ding a ~imwn lift of $~d inch tor edth.er
valve. Curve C-D represents the valve ~low%apacitij relationships In a
geometrically similar cyllnder head of s&ller size than the cylinder
actually used,but with avail@Qe space for valves similar~y util~zed.
‘F@re 11 shows”the valve lifts require@ to give the valve flow,capaC$-
ties of curve C-D of fi~e 10. .“

,,
., MIiTHODQFTEST.

..

Thirteen runs were made durin& thb,investigatilon.Data .O’nv4ve
lifts, flti capacities, $@,valve timi* for these ~ are given in
table I. The runs have alao bden’desi~ted by”nwb~r m figures10
&i 11 to permit a ready appraisal bf tlie”vtiiatiotiiq flow capacities
and valve lifts.
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.,, :.:. . .. .
. . . ..” &’ 1 ‘t’&&h~ 5:w6ye”h&ti:~~th-v%liie-@w:”eapOhiti~ represented

.by curve ‘C-D.of figu#e,10, ~ t~esq’.~ns cams of-“265crank degrees nom-
.,.. . inal opening were used ‘for”tio.thihlet and exhaust an’ilthe valve timing

. WaS .unchan@d.~ -‘,“ - “::
. ,:~.. , -., .. .... .,

. . . .. .. ......, ~...’..... .~:.,,.,-......,. ,. - - ““”.“-...”...=.:.:-:..”
.“,.... .~& 6 ~~ ‘@ &~e””&@e” ‘~~’+he S& fl& ctipacitie’sas ~‘5 j but

. .“wit~ ,:different valv6 tii@@ for the inlet valve to “dete=”e whether en
improvement in“’peifor&nce eoui~-be obtained. Sirnil”tilYj“’%uns7 and 10
were made at the same flow capacities as run 12 but with dif%e@nt tip

.. . ,-iws ,for-the exhaus,tvalve. + 11 and 13 were made at the same flow
., capaci’t-iqs”as”* 3> but “,.=’e*W edywst .46*W ~~s ~sed .for ~ ~

and a iate inlet @3@3g ‘Wa8ueeiif? mm 13. : ~:~ ..., ~,,., ,, ., ...... . . . . . ..
Runs 8“and 9 we;e I@e to show, along with run “32the effect on “ -

engine performance when the exhausk aridinlet-va~ve.flow ~capacltips .”‘
.,...,, ;.areoba~edt .lpt the e@aue*valve flow capacity is kept equal.to inlet-

, valve flmf.”ca~acity”.’The sqme valve‘timings-were us#d for i?uiM33,”8?. ,..
and 9. ~....

,.. . ,., ...-. !; : ...
.,. .,”?-. ....,

,.: . . .,-’,.’1 .. - -. ,, .:.‘. ,---

The.’followiqg engfhe conditIoti we&i held cxmstit” during.these,. .,. :
tes$8: “--- .“, ,-..-, ,, ,,, .,,“+:.- . ... ,“. ..,;. “.-... .. -,. . -r ...
Inlet,pressurezig, -~abs ,,. . . . . . . . . . . .ss ...,.. 33.,.,”,

. E@auet.pressi@/ in. Hgabs . . . . . . .’.’”.. , . . . ●.-O. . . . 33..
,Xnlet*i~temperature)OF .. . . . . . . . . . . . . . . . ..’.. .~20

“ Rea&ep~k-plug~asket temp”er&ture,.‘F . . .. ; ... . . . . . . .. . .“-’450
b“ Ihlet-oiltpqperatuire,‘F . . . . . . ... . . . . . .. .. ~ . . . . . 150

Fuiii%i rrati o.’....’.. . . . . . ..”. ”=. e.. o~ •“9:”0~*075
., Fuel. . . . . .. . . . . . . . . . . .. ’.. =.. =t=””l~ct~e..

.
1

.

Sptik advance.. . ...=. . . . ..... ..”...... . .. . . best power ,
,Compression ratio.’.;.. . ;...,.....:.. . . . . ...5.5.,.

For each setting of the valves and valve timing, readi%s were
taken at various epeeds from 500 to 2600 zlxn.,..

,., ..
,.’ ...” .,.

.“,
BMX.lIRS”AND D~SCUSSION “

.’
,, . . .

The “.res@tsof’the”tests are presented’iq f’igumm 12 to 23. The’

findln@ Qf princip~ interest are given in figur~ 12, which shows varia-
tion in volumetrl.cefficiency with engine speed.>and fi@re 113,which
shows ra&iation in indicated mpaq effebtive presqur$$jb?iakemean effec-
tive pressure, and p~ing nean effective pressure with e~ine e??eedfor
runs 1 througti5 in wh~ch the.inlet- and.exhewt-vakv?flow capacities
are changed along”the cur%’ C-D of tigure 10. In the Sollowing discus-
sion, the rat$0 0$ ex4av@.+v4ve flow capacitY to i~et-v~~e flow W?ac-
ity will be tenmed the “flcn+-capacityratio.”
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In interpreting figt,wes12 and 132:itls-nece8sary to make allowance
for thefact:that,, in ~es? test,s}flow capactt~es of the ,valve.s,at any

.

given flow-ca~city “ratio,were &o.@icle,@lyless thqn they would have,
been if a series of cylinders of the same size and shape but with,dlffe&’
ent valve diameters had been use&, aa suggested in figures 1 and.7. TO
assist $n intg~reting,figures 12and 13 m they would app~ to a series
of cylipders of tlie‘sameeiz+ but wi’thdif$erergt,r.eutive.valve.:di~tirp, ~
a term ~QormaJ.piston speed” haa been plotted along the absc$ssa scale-.. 0

. .of.f’Qjuz%812al@ 13; n - ., - .. . “ ;

By refqrrlng to kigure.iOJ it will b.eseen that the cqrve A-B, fod .
a set of cylinders with v~”ing vtive bizeea has.valve Ylow c~acitiee. ..”
at a given flow-capacity ratio which are considerably hi@er t- the
flow capacities (curve,~D) of the cylinder used in these tests~ wher.~
valve l~f~ instead of’“%Qve size was variedF ,. ,.

..,$,...”
Reference 1 @d#.cateist~t; with’given -inletamttx.haust renditions, ‘

volumetric efficiency depends on the ratio of ptst~n speed to inlet-valve
flow cap@cit~. AssuMng t~s?jo be the case when both ~nlet- and exhaust-
valve capacities sre varj.ed,it 3s evZde@ ~hat,’fortbe same volumetric
efficiency,‘the en@ine’represepte@by the Line A-B wilJ,x.q,mat a consid-
erably higher piston weed then t@ engine represented by line C-D.

With the condit+on qf equal inlet &d e~ustvaJves aq areferenpe . .
point} the ratio of &Cav, ~or the engine with variable valve diemeters

.+a#=l.34. “to D~av “for tl$engine with varying valve Jifte is
.

Thus “’no~l” pistdg”speed, or the pi.@on speed of tbe engine with vary-
.

ing valve sizes Would presumably be 1.34 times the pi,atonspeed of the
engine tith variable %alve >Ifts to.gjve the same volumetric efficiency
with a given ratio of valve flow capacities. The normal p%ston speed,
plottedunder figures 12 and 13 is, therefore} 1.34 times the pistou
sp.oedat which the test engine was run. t

F@ure 12 shows that at normal piston ’spe’ed&between 500 to 184)0
feet per minute, variations in flow-capacity ratio have little effe~t
on volumetric efficiency. Above 1800 feet per minute tbe c~ves sepa-
rate, and the highest volumetric efficiency at-high speeds was obtained
with a fbw-capacity ratio of 0.69. This ratio corresponds to a ratio
of exhaust- to inlet-valve diameter of 0.63 If the two valves are of
similar des@n.. Tt should be emphasized that this r~su3t was obtained
with exhaqst pressure held equa~ to the @let pressure. FQr.a diffe~ -
ent ratio of e~aust to itiet pressure a different ratio of ~ve @ien&
eters for optimum v“olwuetrice~ficiency might’be obtained. It h ELISO

noticeable that the flow+apacity “ratioof ‘1,00gives.nearl.ythe same
volumetric efficiency at all speeda as the $low-oapacity ratio of 0.69.

.

.
. . ,,
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Fi@re ’13 &h&& brake”iietieffdcti~~~r@sur& a:’measured by .:dyna.-
,-

.
mometer torque and indicated mean effe~tdve yre$sur”eahd Ru@ing me- “-‘
effect~ve.press~?-as measured Erm the indicator cards. This figure
shows that>’ti the,-e” &f nor@X” p@@n speed’between”1000 and 2000
feet per minute :(thisrazigeinc~udes hormhl cruising piston speeds.at,.
the ‘pre&entt~)~ the yarims” “Valve~ements -e ~$ttle’difference
in the brq.kemean effeic~~vb”pressuie.”‘“Above””thisspeed, the”.highest ‘
brake mean effective preestie is”abtained when the valves have a flow-”
capacity rati~ of 1.00. !.:, ,...’.. :“,- . .. r

,.., ,,
-.. ‘“-F@ar0~3 also shows ~h&t-@mCti$&di&~”effecti~e pressure at high
sp~eds.is highest’’wit,h,a flow-@&city ratio of 0.69.- Thi.s.agrees wit~
fi~e.12~ which sh~s that”a floy%apacity ra$iu’bf:”O.’69gives..the: .:
h~ghest volumetr@ eff+cieqc~ at .hi~ speeds. “The“d.iffeirenbein f3.ow-
capacity ratios &ivi@ ** indicated mean ef’fectiv8pr&n@ ‘aii$‘-
=-. brake.me= @ectiv@’ire&@e qptitiat%ribukble to higher pump-
ing ~fmpea with the ltier,-21@&capacity rat$oj whicliis conXXirmedby the
P@Pi~tia9 effective pre8&.@: cudves iijfi@6 Ls. The’probable”error
in measurements of iqdicat%d mea e~feot$vq’pres~e and piunpingmeap-.
effective pressure frou the .ipdicatorGE@S is rather ~e$ huwever>’.
as indicated by-the evi&enfj,&i&crep~ciee shown at 1~00 rprain figure 13.
~t 18 therefore recq~ended t&t”t~e c~ies of ia~cated ~e~ eff~ct~ve
pressurq andpumpi~ mqan pffective’pressure id this report be inte~ .
preked.with caution;. ..

i,, .- . ..:,, ...
It.is also quite possib>e that the small.di$fprences between the

curves for floy+apacity ratgo 1~0(3and flow-cqpacity ratio 0:69 in both
figureq 12 and ~are within bxpermntal erior2 in which case.it maybe
concluded that chamges in,flbw~apaoity ratio between 0.6~’and i.00.have
ltttle effect onpe~ormaqce.

.. .

Figures Lh to 21”show result,sof tests ~de ~0 d~te@ne the.effe~~s

of ‘several~h,angesin valve tim$ng~ The “normal” ti.mi~,.whi.chwas wed
in all= plotted infigures 12 and 13’jwas as follows: ... ,.

Inlet opens, . . , . . . . , . . . . . . , . . . . . . . . ,.l~B.T..C.
Inlet closes. . . . * . . . . . . . .. . . . . . . . . . . . 66°A.B,C,
Exhauetopens”..,. . ;“.”.. .“. . . . .’... ... . ,’. ● :.. 720B.B.C.
EXh@st closes ..”... . . . . ..”...... . . . . . ..0140A.T.Cp

.Figure@14’and 15 give ‘there8ults of’zm~’ 1, 7, and 10.>in ~hich}
.,witha flow-capacity ratio ofO.51; three different exh~ust-valve “timings
were used; “the.timirigin u 1 being n~rmql. Run 10j in which.tbe ex-

. haust valve was oyened 34° earlier thqn for run 1, with other valve .
events ‘knchangeddid noiiresu~t in any sigru~fi.cantimprovemen’$in VOIW
metric effici,endy$indicated mean effective pressure, and brake mean’
effective pressure. Run 7, howeverj shows that volumetric efficiency,
indicated zueeneffective pressureS and brake mean effective pressure

.
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were greatly lowered yhen both the openi~,~d the closing of the exhaust ,
valve we,~emade to ocour 25°.earliqr... . .

..’,

FiPs 16 and 17 show that, when the engi~’is operated with a i
fl.ow-oapacltyratio of 1.00, opening the exhaust.valye 34° earlier than
normal).with other.vqzve eve@~ u@angs&j does .not..result in any nota-
ble improv@uent in volumetric efficiency or,indicated mean effectilye;...L..:.
pressure, The bra$se&n,e f’feotive pressure values are lowered.with
the early exhaust-valve opening. . ..

The effects of’changin$.inlewved.ve Iiim$ng.witha fbw-oapaclty
ratio of 1.79 are shoyn in.fi.gures18 ans 19. As cumpared with the nox%
mal timing of r’m ~, the inlet valve was opened and closed 27° later h :.
run 6; whe~eas.for run 12 the,onlychange ,ir+valve timing was to close
the inlet~valve 35: later. Both of:these.changee in.inlet-valve timing . .
resultedin ‘lcwervolun@ric efficiency,indicated mean effective pres- ,.
sure>.Wd brake ~qn effectiye pressure,:in the lower speed range. Th,e
dtfferenoqs in volumet.rlce$flcienoyt indfcated~an effective pressurez
and braks mesx.eff’ectivepress~e for.the three valve timings became
less as the speed.was increassd. Above PLOO rpm”(correspondingto a .
normal piston speed of 2500 ft/miu) ~he..tjmlngused in run 12 results in
a slightlyhigheq volumetrl~ efficiency. The.trml of tbe curves in
figure19 @uggeststhatabqve 24Q0’xINz(corresponding tO a no- ’l?iston
speed of 2$50 ft/min) the timing used in run 12 would give an increase t P
In indicated mean effective pressure and brake mean effective pressure.

,,
F@uree 20’and 21 show ”thatjwhen.t~e ergine %s operating wim a , -

flow-capacity ratio of 1.00, closing the,i~et. valve at 101° A.B.C. i=
stead of’at 660 ~.13.~.~stits in lowervolumetric efficiency, indicated
m3an effective pressure, andbrme me= effectfvq Presswej: over ‘W :
speed r-e investigated. AS the engine M operated at higher speeds,
however, the differences beccme less. The trend of We curves indicates
that, at speeds above%he highest used In tliisinve@l~atim, later
inlet-valve c3.oshg may gi7e.higher vbhmetric effictemy, indicated
man effective pressure, and brake mean effective preswu?e than the nor-
mal timing. “ ..

.

Fi@ires22 and ?3 &&.the effects Of ch=@&.the ZICSWcapa~ities
of the qhauet and inlet valves while maintaining a flow-capacity rat~o ,.
of 1.00. The decrease in volumetric efficiency, indioated mean effective
pressure, ,md brake mean effectl?e pressyz% at the hi@er engine speeds
as the fly capacities tie retlucedreflects the curt~i~nt in xiu
engine performance when the e6gine de.si~er does not utilize the maximum ‘
flow capacities possible ~or thb “WLet;tid exhaust valves. M px’act~c~j
low valve flow capacitiescouldrestitfrom:tisi~S@ v~ve diameters)
low valve lifts, or poorly dqaigned v&~&es and po~s. (See reference 5.) ~.

,,
.,,
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3NDICATORDIAGRMb

Ltght-spr$ng inucator diagrams.taken during these tests are repro-
duced in figures 24 to 38. SuRezpsition of the individual dia$jrams.waa
based on the comon inlet and exhaust pressure line (Pi = 2’0= 33 in.
Hg abs.]. There Is evidence that some of the diagrams, tn~articulsr
those of figure 362 are displaced in the pressure direction, indicatiw
an error in the location of the “atmospheric)’line on the original indi-
~ator cards. Caution} therefore is advised in compari~ the various
diagrams quantitatively.

In general,the diagramsshow expectedtrends,that is, thatpres-
sure lossesthroughthe valves increase with increasing speed and with
decreasing flow oapacitj. The figures fumzsh interesting data on the ‘
de%ailed”effeots of the various valve--lift-andva~ve+iming co~inations.

CONCLT.XXXXTS

‘Testsmade with a si~M-oyJ.~ndei?’e~ine’ to determine the effect
on volumetric efficiency end cm en@ne performance of changing the ratio
of exhaust-valve flow capacity to inlet-valve flow capacity show that,
within the range of the tests and when inlet pressure is maintained.
equal to exhaust pressure:

.
1. A flow-oapacity ratio of approximately 1.00gives highest brake

mean effective pressure over most of the speed range. This flow-capacity “
ratio corresponds to equal diameters for exhaust and inlet valves of
similar design. ,.

2. Reducing the flow-oayacity ratio from 1.00 to 0.69 effects only
a snmll reduction in brake mean effective pressure - possibly within the
e~erimental errors involved.

3, Highest vo~um@ric efficiency over the speed renge was obtaine~
with a flow-oapecity ratio of 0.6~. Xqcreasf.ngthis ratioto 1.00 gave
cml.ya slightreduction in volumetric efficiency -possibly wttbin ex-
perimental error.

4. Tests with several arrangements of Inlet-and exhaust-valve
timing showedno significant improvements in volumetric efficiency,.
indicated mean effective pressuye, and brake mean effective pressure
over the values obtained with nornal timing (inlet opens 19° E.T.C. and

‘i - closes 66° A.B,C., and exhaust opens 72° B.B.C. ~ closes 14° A.T.C.)
within the range of speeds actually used in the teste. The trend of
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several of the curves show6d, ‘however,that improvement in output at
higher speede should be expected w$th a delayed inlet-valve closing.

,.-
“’limployimnt”if:ktios of e~u@’*oi&&t presstie

@@t result in a modification”of theeeconcl~ions.
m-t equalto 1

1. Liyengood, James C., and’St&itz, John ?.: The Ef~ect of Inl.e*Valve
Iks@n, Size, and Lift on the Air Capacity end Output of a Four-
StrokeEn@ne. NACATN NO. 915, 1943.

2. Eu, Seng-Chiu: Study of E@aust-V&lve Design from Gas Flow Stemd-
point. Jour. Aero. Sci.$ vol. 11, no. 11 Jan. 19441 pp. 13-20,

3. Anon: Fluid Meter&’- Their Theory and Appllcatlon.Pt. 1. A.S.M.E*~.
kthed., 1937.

4. Reynolds, Blake, Schecter, Harry, and Taylor, E. S.: The Chargi&
Process in a Eigh+eed., Single-cylinder,Four-Stroke Engine.
NACATN NO. 675, 19390 ,.

5. Wood, G. B., Jr., Hunter, D: U., Taylor,E. S., and Taylor,C. F.:
Air Flow throughIntakeValves. SAE. Jcmr.,vol.~o, no. b,
JUZM31942,pp. 212-220,252.
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TABIE I.- SCIEEQIE OF VALVE LWl?,VAIW’E-, AIUIFLOW COEFFICIENTSFOR AIL TES”JS

‘hhen~ ! MD cav I

.
?mIl

Inlet E2b.allatIrllatExbauat InletEdlautl*-t

I

1 0.500 0.244
2 .405 .290
3 .333 .39
4 .284 .428
5 .248 .W

6 .248 .5CQ

.X& .244
; .500

9 :2-L .250
I.O .“m .244
L1 .333 .3$
1.2 .248 yxl
L~ .333 .;$

1,225 0.11o
,1133 .131
.150 .162
.123 .193
,H2 “ .225

.I.12 .225

.225 .Ilo

.207 .225
,3-3-0 .SL3
.225 .1-10
.150 ,162

,IM .225
.ly) .162

O:al: o.L63 I,y@
.193 1.3&Y

.23k .233 1.151

.197 .273 .969

.170 .305 .836

.170 .305 .836

.39 “.1631.5S9

.305 .305 1.503

.167 .i~~ .&l

.319 .163 1a5Q

.234 .235 1. i~l

.170 .305 .836

.234 ,235 1.131

0.802
.948

1.155
1.343
1.500

1.700

.8CP
1.500
.821
.@.

1.i~?
1.500
1.155

0.51
.69

1.00
1.39
1.79

1.79

.51
L.cil
1.00
.51

1.00
1.79
1.00

19
19
Lg
19
19

a%

19
19
19
19
19
19
19

*

EThLU@
Gloam

(QA.T.C.

14
14
14
14
14

14

b12
14
14
14
14
14
14

%ntaka Opma 8° A.T.C.

%a.lmue~cloaerl12° B.T,C.

IwTmiAL AlmscRY
ccMMITmE FcElJummmcIos
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Figure l.- Geometry of valve space requirements in an engine
oylinder.



Fig.3 NACA TN No. 1365

I

AIN
E

SECTION A-A

--

.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

1

.

. —.

M

Figure 3.- Adjustable
mechanism.

camshaft and valve operating

.

.

.

.

.



N~CA TN No. 1365 Figs .2,4
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Figure4.- Specialcamshaft assembled and disassembled.
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cylinder. (Derived from fig. 1.)
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Figure 24.- Light-spring indicator cards. Effect of varying flow-
capacit

7
ratio. Engine speed, 500 rpm; normal valve

timing (see table I . Vc, clearance volume; Vd, displacementvolume.
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Figure 25.- Light-spring indicator cards. Effect of v&tryingflow-
capacit

Y
ratio. Engine speed, 1500 rpm; normal valve

timing (see table I . Vc, clearance V01UIIM3; v’, displacementvolume.
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Figure 30.- Light-springIndioator cards. Effect of changingvalve
timing. Engine speed, 500 rpm; inlet D20av$ 1.151; exhaust

D2Cav$ 1.155; flow-oapacityratio, 1.00.
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Figure 31.- Light-epring indicator oards. Effect of changing valve
timing. Engine speed, 1500 rpm; inlet D20av$ 1.151; exhaust

D20av} 1.155; flow-capaoityrat~o, 1.00.
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l’igure32.- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 2500 rpm; inlet D20av, 1.151; exhaust

D20av} 1.155; flow-capaoltyratio, 1.00.
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Figure 33.- Light-spring indicator e=ds. Effeot. timing. Engine speed, 500 rpm; inlet
D2Ca~, 1.500; flow-oapaoityratio, 1.79.
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Figure 34.- Light-springindicator oards. Effeot of ohanging valve
timing. Engine speed, 1500 rpm; inlet D20av) 0.838; exhaust

D20av, 1.500; flow-oapaoityratio, 1.79.
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Ifigure35.- Light-spring indicator oards. Effeet of ohanging valve.
timing. Engine speed, 2500 rpm; inlet D20av, 0.836; exhaust

D20a~, 1.500; fZow-capacityratio, 1.79.
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Figure 36.- Light-spring Indicator carde.
capaoities. Engine speed, 500

ratio, 1.00; normal valve timing (see table z).

Effect of varying valve flow
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Figure 38. - Light-spring indicator cards. Effeot of varying valve flow
capacities. Engine speed, 2500 rpm; oonstant flow-capaoity

ratio, 1.00; normal valve timing (see table 1).

.

.


